Reconstruction of neurocircuits by transplanted cells is expected to become an effective therapy for brain damage. In order to establish the transplantation therapy, it is necessary to find transplantable cells capable of reconstructing the lesioned neurocircuitry. We have reported that the younger neuronal cells such as neural stem cells are useful transplant materials because of their vigorous capacity for forming abundant neurites. On the other hand, it was reported that myelin-associated neurite growth inhibitor prevents neurite regeneration. In this study, we used rat fetal neuronal cells to examine the neurite growth capacity in the presence of mature CNS myelin. Crude CNS myelin was prepared from the brains of adult Wistar rats using previously described procedures. Testing wells were precoated with poly-L-lysine and additionally by over night drying of a suspension containing 0, 5, 10, 15, or 20 ug/cm 2 of the crude myelin protein. On embryonic days 10, 12, 15, and 17 (E10, E12, E15, and E17) embryos were surgically removed, mesencephalic neural plates were dissected out from the E10 embryos, and midbrain cells were taken from the E12, E15, and E17 embryos. The neural plates and midbrain cells were placed on the myelin-coated wells. After 24 h of culture (72 h in the case of neural plates), the number of surviving cells and the length of the neurites were examined immunocytochemically using anti-neurofilament (NF) antibody. Neurite length was measured by image ana lyzer Luzex-F. The mesencephalic neural plate was able to grow neurites even on 20 pg/cm 2 central myelin. Almost the same number of midbrain cells attached themselves to the wells without myelin in every culture obtained from various stages of embryos. The number of cells attached on the myelin-coated wells decreased with the concentration of myelin. The number of NF-positive cells was higher in cultures of materials obtained from older embryos than in cultures obtained from younger embryos. The younger cells grew longer neurites than the older cells in the myelin noncoated wells. Neurite growth was inhibited strongly when the concentration of the central myelin was 10 pg/cm 2 or greater, but on the 5 ug/cm 2 myelin, the younger the cells were, the longer neurites they had. When the length of the longest neurites in one field of the image analyzer was further examined in the same way, the younger the cells were, the longer their axons grew on 0 and 5 ug/cm 2 myelin. Thus, CNS myelin was seen to be a significant inhibitor of the recovery of injured neural tissue of the adult CNS. Younger cells grew longer neurites than older cells on CNS myelin, and so it was suggested that neural stem cells or younger neurons may serve as tissue for transplantation therapy.
INTRODUCTION
Transplantation of central nervous system (CNS) tis sue is expected to become an effective therapy for a compromised brain. In order to establish transplantation therapy, it is necessary to obtain some transplantable neural tissue capable of reconstructing lesioned neurocir cuits. Replacement of injured neurons with viable homotypic neurons, extensive neurite growth, and synapse formation is indispensable for the reconstruction of dam aged neurocircuits. We have reported that the younger neuronal cells are useful transplant materials because of their vigorous capability to grow abundant neurites (7, 25) . It has been demonstrated that younger neural tis sue survives better than mature tissues in the host brain (20) . On the other hand, Schwab et al. (17, 18) have sug gested that the neurite growth inhibitor from central my elin is present in the adult brain. This may be one of the major reasons why injured neurocircuits do not regener ate in the adult CNS. In this study, we use E10-E17 rat 718 HARAETAL.
fetal neuronal cells to examine neurite growth capability in the presence of mature CNS myelin.
MATERIALS AND METHODS
Crude CNS myelin was prepared from the brains of adult Wistar albino rats (261-287 g) using previously described procedures (10, 12) . Adult rat brains were sur gically removed and homogenized using 0.25 M sucrose with 100 U/ml aprotinin, 5 mM EDTA, and 5 mM iodoacetamide (homogenization buffer, HB) in a glass homogenizer. The homogenate was centrifuged at 2000 rpm in a rotor for 2 min to pellet cell debris and nuclei. The supernatant was placed between 0.85 M sucrose and 0.25 M sucrose in SW-28 tubes (Beckman) and centri fuged at 23,000 x g for 40 min at 4°C. The white inter face was collected and recentrifuged at 23,000 x g for 40 min at 4°C. The interface (myelin) was collected and washed in 300 mM HEPES buffer (pH 7.4) with HB. The myelin solution was centrifuged at 28,000 x g for 4 h at 4°C to cause osmotic shock. The crude myelin pel lets were suspended in phosphate-buffered saline (PBS). Protein concentrations were determined using a bicinchoninic acid (BCA) protein assay (Pierce).
Testing wells were precoated with poly-L-lysine and then coated additionally by overnight drying of a sus pension containing 0, 5, 10, 15, or 20 pg/cm 2 of the crude myelin protein. These myelin-coated wells were treated with UV light and washed twice with PBS. Embryonic day 10, 12, 15, and 17 (E10, E12, E15, and El7) embryos were surgically removed from Wistar albino rats, and the mesencephalic neural plates (at E10) and midbrain cells (at E12, E15, E17) were dissected out under a microscope. A fragment of mesencephalic neural plate tissue or 7.5 x 10 4 /cm 2 midbrain cells were placed on the myelin-coated wells. After 24 h of culture (72 h in the case of neural plates), the number of surviv ing cells and the length of the neurites were examined immunocytochemically using anti-neurofilament (NF) 
RESULTS
The neurons in E10 rat mesencephalic neural plate grew an abundance of long neurites in vitro on myelin-coated wells, even on 20 pg/cm central myelin. Many neurites grew to a length of 100 pm or more around the neural plate after 3 days in culture ( Fig. 1 ).
Almost the same number of midbrain cells became attached to the wells in each culture obtained from em bryos of different ages without central myelin (El2, 62.2 ±26; E15, 53.6 ±3.6; E17, 53.2 ± 13.1/field; 1 field = 0.264 x 0.264 mm) ( Fig. 2) . On the myelin-coated wells, the number of cells that became attached to the wells 720 HARA ET AL.
Fetal stage decreased (p<0.0\), especially in the cultures with the higher concentrations (10, 15, and 20 pg/cm 2 ) of myelin (E12, 12.4 ±5.3; El 5, 11.0 ± 6.6; E17, 9.6 ± 6.9/field on 15 pg/cm 2 ) ( Figs. 3 and 4 ). Three types of cells were present in the culture (Fig. 2) : NF positive (arrowheads), NF negative (arrows), and probably immature neuronal cells that were weakly positive to NF staining (white arrows). As Figure 5 shows, the proportion of NF-posi tive cells was higher in the culture obtained from older embryos (E17, 42.0 ±5.3%) than in the culture from younger embryos (E12, 15.3 ±8.3%; p<0.01).
The younger cells were able to form longer neurites (E12, 42.1 ± 23 pm) than the older cells (E17, 11.2 ± 2.4 pm; p < 0.01) on the wells without myelin (Fig. 6 ). On the 5 pg/cm 2 central myelin, E12 (22.6 ± 19.2 pm) cells grew longer neurites than E15 (8.7 ± 5.2 pm) and El7 (4.1 ± 1.4 pm) cells (p<0.05) ( Fig. 7) . However, on the myelin of higher concentrations (10, 15, and 20 pg/cm 2 ), the NF-positive cells of every age became ag gregated, and very few processes were observed (El 2, 7.8 ± 8.0 pm; E15, 2.5 ± 2.5 pm; E17, 4.2 ± 3.5 pm on 15 pg/cm 2 myelin) ( Fig. 7) . Thus, neurite growth was inhibited strongly at concentrations of central myelin of 10 pg/cm 2 and higher. On the 0 and 5 pg/cm 2 myelin, the younger the cells were, the longer were their neu rites.
The length of the longest neurites in one field of the 50 I
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Fetal stage Figure 5 . The proportion of cultured NF-positive cells with out myelin. The percentage of mature neuronal cells in the cultures is higher in older than in younger midbrain cells (p < 0.01).
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Fetal stage (M0, M5) , the younger cells grow longer axons, but axon growth is inhibited strongly on myelin of 10 pg/cm 2 or more (M10, M15, M20).
image analyzer was further examined in the same way.
The younger the cells were, the longer were the axons that they formed on 0 (E12, 144.9 ± 83.3 pm; E17, 32.3 ±11,2 pm) and 5 pg/cm 2 myelin (p < 0.01). In contrast, on myelin of higher concentrations, axon growth was inhibited strongly at all ages of the neurons (El2, 16.5 ±10.1 pm; El7, 7.2 ±4.9 pm on 15 pg/cm 2 myelin) ( Fig. 8 ).
DISCUSSION
Reconstruction of neurocircuits by grafted cells is expected to become an effective therapy for the compro mised brain. Indeed, there have been some reports show ing the effectiveness of transplantation therapy for Par kinson's (1, 11, 14, 16) and Alzheimer's diseases, among others (6, 9, 14, 16, 21) . However, anatomical and physio logical reconstruction of neurocircuitry have not been achieved by the grafted donor cells. If better reconstruc tion processes can be established, a brain damaged by brain infarction, brain contusion, or in other ways may be treatable by this strategy. We believe that the younger neuronal cells possess intrinsic properties advantageous for neurocircuit reconstruction because of their charac teristics of cell division, migration, differentiation, and vigorous axon growth (7, 16) . Genetic modification and transplantation of neural stem cells as a "graft gene ther apy" may be a feasible way of curing many kinds of CNS diseases (24) .
Many factors in the environment of the recipient brain tissue may also play an important role in neurite growth (5, 8, 23) . There has been one report indicating the effectiveness of NGF producing fibroblasts modified genetically to treat ischemic neurons (13) . On the other hand, one significant inhibitory factor against neural re generation in the CNS environment, myelin-associated neurite growth inhibitor, does not permit recovery of in jured neural tissue in the adult CNS (2, 17, 18, 22) . Antimyelin-associated neurite growth inhibitor antibodies (IN-1, IN-2) have been reported (18) , but no viable clini cal application of these antibodies has yet been estab lished. It is necessary to develop a suitable source for transplantable cells that is not excessively affected by the growth inhibitors. We have proposed that younger neuronal cells could be advantageous as graft material for neurocircuit reconstruction because of their intrinsic vigorous neurite growth (25) . Some reports have stated that central myelin inhibits the neurite growth of various cell lines (e.g., dorsal root ganglion cells, 3T3 fibro blasts, PC 12, etc.). By contrast, monoclonal antibodies (IN-1, IN-2) neutralized this activity in a variety of cul ture assays (4, 18) . In the present study, we investigated the effects of myelin-associated neurite growth inhibitor on midbrain cells from every developmental stage of fe tus in vitro.
In our experiment, neuronal cells were placed on the CNS myelin in myelin-coated wells, and myelin concen tration-dependent inhibition of neurite and axon out growth was observed. The degree of neurite outgrowth inhibition also depended on the age of the cells. The proportion of NF-positive cells was lower in younger cell cultures than in older cell cultures. The younger cells formed longer neurites than the older cells on both uncoated and 5 pg/cm 2 myelin-coated wells. On myelin of 10 pg/cm 2 and over, neurite formation by midbrain cells from embryos of any age was inhibited strongly.
These results suggest that younger neuronal cells have a better intrinsic capacity than older neurons for vigorous neurites in the presence of CNS myelin. The mechanism of neurite growth inhibition by myelin protein is un known. One plausible explanation is that the younger neurons may have a low sensitivity to the inhibitory pro tein, probably because there is less receptor expression for this protein in these cells. The phenomenon may also be attributed to the greater vigor in the growth cone of the younger cells that enables them to overcome the in hibitory effects of CNS myelin.
It is necessary to ascertain whether the younger neu rons can grow neurites in the face of other inhibitory factors (3, 15, 19) , such as myelin-associated glycopro tein (MAG), Jl/160 and Jl/180 (extracellular matrix molecules secreted by oligodendrocytes), damaged cell masses, reactive astrocytes, and activated microglia cells.
Our data indicate that younger cells can form longer neurites than older cells even in the presence of the CNS myelin, although CNS myelin is a significant inhibitor of the recovery of injured adult neural tissues. Thus, it is an advantage to use neural stem cells for grafting, because they may have the potential to repair the dam aged adult brain by reconstruction of neural circuits.
CONCLUSION
Neural stem cells are useful graft material for trans plantation therapy because neural circuit reconstruction can be achieved through their vigorous production of longer neurites despite the presence of CNS myelin.
